Background/Aims: As MCF-7 and MDA-MB-231 cells are the typical cell lines of two clinical breast tumour subtypes, the aim of the present study was to elucidate the transcriptome differences between MCF-7 and MDA-MB-231 breast cancer cell lines. Methods: The mRNA, miRNA (MicroRNA) and lncRNA (Long non-coding RNA) expression profiles were examined using NGS (next generation sequencing) instrument Illumina HiSeq-2500. GO (Gene Ontology) and KEGG (Kyoto Encyclopedia of Genes and Genomes) pathway analyses were performed to identify the biological functions of differentially expressed coding RNAs. Subsequently, we constructed an mRNA-ncRNA (non-coding RNA) targeting regulatory network. Finally, we performed RT-qPCR (real-time quantitative PCR) to confirm the NGS results. Results: There are sharp distinctions of the coding and non-coding RNA profiles between MCF-7 and MDA-MB-231 cell lines. Among the mRNAs and ncRNAs with the most differential expression, SLPI, SOD2, miR-7, miR-143 and miR-145 were highly expressed in MCF-7 cells, while CD55, KRT17, miR-21, miR-10b, miR-9, NEAT1 and PICSAR were over-expressed in MDA-MB-231 cells. Differentially expressed mRNAs are primarily involved in biological processes of locomotion, biological adhesion, ECM-receptor interaction pathway and focal adhesion. In the targeting regulatory network of differentially expressed RNAs, mRNAs and miRNAs are primarily associated with tumour metastasis, but the functions of lncRNAs remain uncharacterized. Conclusion: These results provide a basis for future studies of breast cancer metastasis and drug resistance.
Introduction
Breast cancer is the most common invasive cancer in women, affecting approximately 12% of females worldwide [1] . In cancer studies, tumour cell lines are widely used as simple models that provide essential tools for more complex biological analyses. MCF-7 and MDA-using the NEBNextR UltraTM Directional RNA Library Prep Kit for IlluminaR (NEB, USA) according to the manufacturer's instructions. After construction of the libraries, their concentrations and insert sizes were detected using Qubit 2 and the Agilent 2100 Bioanalyzer, respectively. RT-qPCR was used to accurately quantify the effective concentration and ensure the quality of the libraries. High throughput sequencing was performed on the Illumina HiSeq 2500 sequencing platform.
Quantification of gene expression levels and differential expression analysis
Data filtering was conducted on the raw reads output from the Illumina HiSeq2500 platform, and subsequently clean data were obtained. All downstream analyses were based on high-quality clean data. All clean reads were mapped to the reference human genome GRCh37 (http://grch37.ensembl.org/ Homo_sapiens/Info/Index). The lncRNA symbols were obtained from the Incipedia database. The original sequence counts of miRNAs were normalized to RPM (reads per million), while the original sequence counts of lncRNAs and coding genes were normalized to FPKM (fragments per kilo-base of exon per million fragments mapped). Differential expression analysis of the two samples was performed using the EBseq (2010) R package. Heatmap and hierarchical clustering were performed to generate an overview of the characteristics of expression profiles based on the values of significantly differentially expressed transcripts.
Bioinformatics analysis of mRNAs and ncRNAs
The function of miRNAs is in RNA silencing and the post-transcriptional regulation of gene expression, whereas lncRNAs regulate the expression of neighbouring and overlapping coding genes. Thus, miRNAs and lncRNAs play roles that might be embodied in related mRNA genes. GO analysis (http://www. geneontology.org) was conducted to provide meaningful annotations of genes and gene product properties, and the ontology covers three domains as follows: cellular component, molecular function, and biological process. Additionally, KEGG pathway enrichment analyses were also executed to determine the principal functions of the significantly differentially expressed mRNAs. In addition, we constructed an mRNA-ncRNA targeting regulatory network. First, based on the interactions between lncRNA and its target genes, we used 2 methods to predict the target genes of lncRNA: prediction based on the location relationship between lncRNA and mRNA (the adjacent genes in the range of 100 kb of lncRNA are the target genes), and prediction based on the complementary base pairing relationship between lncRNA and mRNA (using LncTar target gene prediction tool [15] ). Next, the differentially expressed mRNAs targeted by the differentially expressed lncRNAs were collected and a protein-protein interaction analysis was performed. We selected the linked genes for further analysis. Finally, we used TargetScan and Miranda to identiy the miRNAs that regulate these mRNAs, and draw the mRNA-ncRNA target regulating network diagram.
Real-time qPCR validation
Real-time qPCR (RT-qPCR) was performed to further validate selected differentially expressed coding RNAs and non-coding RNAs from the NGS results. Previously, harvested total RNA from MCF-7 and MDA-MB-231 cells was reverse transcribed into cDNA using random hexamer primers (for mRNA and lncRNA) or specific stem-loop RT primers (for miRNA) with a Reverse Transcription Kit (THERMO, USA). Real-time qPCR was performed using the SYBR Green PCR Super Mix (BIO-RAD, USA) and the BIO-RAD CFX96 RealTime PCR Detection System (BIO-RAD, USA). Each sample was analysed in triplicate. The expression levels of mRNA and lncRNAs were normalized to internal control GAPDH, while miRNAs were normalized to U6 snRNA, and subsequently calculated using the 2 -ΔΔCT method. Statistical analysis was performed using Student's t-test, and p<0.05 was considered statistically significant.
Results

Overview of differential express characteristics of coding and non-coding RNAs
To explore the differential expression of mRNAs and ncRNAs, gene expression profiles were assessed using NGS. The gene expression of MCF-7 cells was used as a baseline for upor down-regulation of expression in MDA-MB-231 cells. Table 1 ). The heatmap (Fig. 1 ) provides a visual representation of the differences in the RNA expression levels between MDA-MB-231 and MCF-7 cells. RNA expression levels have been widely studied by many researchers. In Table 2 , we listed the top15 mRNAs and ncRNAs expressing the highest level in two cell lines, respectively. Furthermore, we list the most differentially-expressed transcriptomes in Tables 3 and 4 . MiR-143, miR-30e, miR-7, etc. were highly expressed in MCF-7 cells, whereas miR-21 and miR-10b were highly expressed in MDA-MB-231 cells. According to the result of lncRNA differential expression, lnc-HLA-C-2, 
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GO and KEGG pathway analysis of differentially expressed coding RNAs
To better understand the functions of the differentially expressed mRNAs described above, we performed GO and KEGG pathway enrichment analyses. Approximately 1467 differentially expressed mRNAs obtained Gene Ontology annotations. The GO analysis of these mRNA expression profiles showed that these genes were involved in the biological process of locomotion, biological adhesion and cell killing; primarily enriched in extracellular matrix, extracellular matrix part and collagen trimer about cellular components; and involved in molecular functions, including guanyl-nucleotide exchange factor, chemoattractant and enzyme regulator activities (Fig. 2) . Additionally, 1184 mRNAs obtained KEGG annotation. The top 20 pathways with the most significant enrichment are listed in Fig. 3 . Remarkably, these mRNAs were enriched in ECM-receptor interaction pathway, pathway in cancer, focal adhesion, MAPK signalling pathway, TNF signalling pathway and PI3K-Akt signalling pathway, etc.
Targeting regulatory relationships of mRNAs and ncRNAs
We predicted the target mRNAs of the differentially expressed lncRNAs and examined the intersection of these mRNAs and the differentially expressed mRNAs in the present study. We finally obtained a total of 133 mRNAs. The String database was used to analyse the protein-protein interactions of the proteins encoded by these mRNAs, and 9 differentially expressed RNAs were selected as the hub genes of this network. Finally, we constructed a mRNA-ncRNA targeting regulatory network according to the targeting regulatory relation- 
Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry
ships of miRNA to mRNA and lncRNA to mRNA (Fig. 4) , and the protein-protein interactions were also included. To clarify the network diagram, we only included the miRNAs that regulate two or more mRNAs, complete regulatory relationship is shown in Table 5 . Nine differently expressed coding RNAs were selected, and GO and KEGG analysis revealed that the functions of these coding RNA involved cell proliferation, metastasis and adhesion, etc. The network indicated that a single coding RNA could be associated with numerous ncRNAs. MiR-200 family, miR-9, miR-128, miR-143/145 cluster, etc. reflect a large range of regulation in the network diagram. Additionally, miR-30e, miR-128 and miR-374 were the miRNAs with the highest expression levels in the two cell lines.
Validation by RT-qPCR
Validation of the expression patterns of 3 miRNAs, 3 mRNAs and 3 lncRNAs obtained through NGS was performed using RT-qPCR. In all cases, the trend (up-regulation or downregulation) observed in the NGS was consistent with the RT-qPCR results (Table 6 ).
Discussion
In cancer research, cell lines are used as tools to explore the mysteries of various diseases, and characterize new therapeutic targets. MCF-7 and MDA-MB-231 cells are the typical cell lines of two clinical breast tumour subtypes. In the present study, we used the NGS method to analyse the coding RNA and ncRNA expression profiles of the two cell lines. The results showed that, compared with MCF-7 cells, there are 540 down-regulated miRNAs in MDA-MB-231 cells, including the miR-200 family, miR-145/143 cluster, and miR-7, miR-128, etc., and 41 up-regulated miRNAs including miR-21, miR-10b, miR-210, miR-9, etc. There were Fig. 3 . KEGG pathway enrichment analysis of differentially expressed mRNAs. The first 20 pathways which show the most reliable significance of enrichment(i.e., Q-value) are shown in the graph. Each shape in the graph represents a KEGG pathway whose name is captioned on the right. The x-coordinate is enrichment factor, it represents the ratio of the proportion of differentially expressed genes annotated to the pathway to all genes. The larger the enrichment factor is, the more significant the enrichment level of the differentially expressed genes in the pathway is. The y-coordinate is -log 10 (Q-value), the Q-value is the P-value adjusted by multiple hypothesis testing. Thus, the greater the y-coordinate is, the more reliable the enrichment significance of differentially expressed genes in the pathway is. In this figure，the pathways represented by the different shapes in the upper right corner have greater reference value. According to the results of the present study, SLPI and SOD2 were highly expressed in MCF-7 cells, and regulated by oestrogen [16, 17] . KRT17 showed a high level of expression in TNBC cells, and the overexpression of BRCA1 significantly reduce the expression of KRT17 [18] . CD55 is a marker of breast cancer stem cells and plays an important role in the tumourigenesis of breast cancer. The high expression of CD55 is an unfavourable prognostic factor [19] . MiR-21 was one of the most highly expressed miRNAs in both cell lines, and its expression was much higher in MDA-MB-231 than in MCF-7 cells. The microRNA target prediction results also showed that miR-21 targeted IGFBP3 (Table 5) , which could contribute to the brain metastases of breast cancer cells [20] . MiR-21 levels in tissue and serum have been associated with clinical stage, lymph node metastasis and poor prognosis [21] . MiR-21 can enhance tumour cell proliferation, migration, invasion, survival and the epithelial-to-mesenchymal transition (EMT) through a variety of target genes such as TPM1, PDCD4, and TGF-β1. Additionally, knockdown of miR-21 can induce cell apoptosis and inhibit cell proliferation, invasion and EMT. Furthermore, this molecule participates in PTEN, AKT and ERK1/2 signal pathways to promote the generation of breast cancer stem cells [22] . The miR-10b expression in MDA-MB-231 cells was 200 times higher than that in MCF-7 cells. Studies have shown that the up-regulation of miR-10b is closely associated with the invasiveness of breast cancer in breast cancer tissues and cell lines [23] . The miR-10b inhibitor can increase the expression of E-cadherin cells, reduce the expression of vimentin in breast cancer, and decrease invasion and proliferation. The mechanism may be that miR-10b affects the transforming growth factor-β (TGF-β)-induced EMT [24] . Among over-expressed miRNAs, miR-9 was selected to construct the network. It has been reported that E-cadherin expression mediated by miR-9 decreased the activation of the β-catenin signalling pathway, which could up-regulate the expression of VEGF to promote tumour angiogenesis [25] . In the network presented herein, miR-9 directly targeted HMGA2, EGR1 and IGFBP3. These Table 5 . The complete targeting regulatory relationships of mRNAs and ncRNAs. The "mRNA detail" column lists the mRNAs that have protein-protein interaction with the mRNAs on the left. The "lncRNA detail" column lists the lncRNAs that can target the mRNAs on the left. The "miRNA detail" column lists the miRNAs that can target the mRNAs on the left. "(↑)" represents that RNA is highly expressed in MDA-MB-231 cells compared with MCF-7 cells, while "(↓)" means lower expression [20, 26, 27] . The expression level of miR-210 in MDA-MB-231 cells is 4 times higher than that in MCF-7 cells in the present study. As its predicted target gene, STAT6 participates in stat6-tp63 pathway, which may be involved in inhibiting the metastasis of breast cancer cells to the lung [28] . Previous studies have shown that miR-210, compared with ER+ cells, was highly expressed in TNBC and was described as an independent prognostic factor of TNBC [29] . Among the lower expressed miRNAs, miR-30e, miR-7, miR-200 family and miR-143/145 cluster were selected for further analysis, and these molecules all participated in the network. In MDA-MB-231 cells, miR-30e and miR-7 expression was significantly lower than in MCF-7 cells. A previous study showed that miR-30e may serve as a potential tumour suppressor in breast cancer [30] , and this molecule showed lower expression in TNBC compared with non-TNBC patients, and might serve as a new diagnostic marker in TNBC [31] . MiR-7 is negatively correlated with Vimentin mRNA levels in breast carcinoma tissues, inhibited EMT and brain metastatic progression via targeting Focal adhesion kinase (FAK) [32] , and could even serve as a biomarker or therapeutic target for brain metastasis [33] . Previous studies have proposed that miR-7 is a tumour suppressor gene, that can be used as a therapeutic target for highly invasive breast cancer [34] . The miR-200 family (miR-200a, miR-200b, and miR-200c) were all highly expressed in MCF-7 compared with the MDA-MB-231 cell line (table 5) , and these molecules targeted RIOK3, PLOD2 and EGR1 in the network constructed in the present study. The miR-200 family has been extensively studied in breast cancer research. In different subtypes of breast cancer, as a tumour suppressor [35] , the miR-200 family is down regulated in metaplastic carcinoma [36] , including the TNBC phenotype. MiR-200c was defined as a luminal cell type-specific microRNA [37] . Decreased expression of the miR-200 family in mammary cancer is associated with lymph node metastasis [38] , and their functions are also widely involved in inhibiting the migration [39] and invasion [40] of tumour cells and the resistance of chemotherapeutic agents [41] and radiotherapy [42] . MiR-145/143 is a gene cluster located on chromosome 5q-32-33 and displayed higher expression in luminal-A than in basal-like breast cancer subtypes [43] . Previous studies have shown that the miR-145/143 cluster targets the 3 '-UTR of the ERBB3 gene, thereby simultaneously and cooperatively inhibiting the expression of ERBB3 at the translation level and ultimately inhibiting cancer [44] .
Presently, although the research of lncRNA is rapidly developing, there are few studies characterizing the functions of lncRNAs. Most lncRNAs have been demonstrated to control gene expression by regulating various aspects, such as gene methylation, transcriptional activation, and binding to mRNA and miRNA to influence the translation process. Few lncRNAs have been experimentally verified. We only discuss the expression levels of NEAT1 and PICSAR, both of which are highly expressed in MDA-MB-231 cells compared with MCF-7 cells. The hypoxic induction of NEAT1 induced para-speckle formation and the nuclear retention of F11R (also called junctional adhesion molecule 1, JAM1), resulting in the acceleration of tumour proliferation in breast cancer [45] . NEAT1 might also acts as an oncogenic lncRNA and could be regarded as a therapeutic target in human breast cancer [46] . There was a positive correlation between high NEAT1 expression and poor survival in women with breast cancer [45] . The functions of PICSAR (p38 inhibited cutaneous squamous [47] . Similar to PICSAR, some miRNAs were detected in the present study, which have rarely been studied in the field of breast cancer study, but have been shown to play important roles in other fields. For example, miR-361 showed high expression in both MCF-7 and MDA-MB-231 cell lines and has been demonstrated as an antioncogene in lung cancer [48] and endometrial cancer [49] , but has not been explored in breast cancer basic research studies. Thus, this molecule may be a novel finding, and further experimental verification is needed. The up-regulated and down-regulated key genes listed above may explain the stronger invasiveness of the MDA-MB-231 cell line compared with MCF-7 cells. Only some of the results of the present study are inconsistent with those of other scholars, which may be due to the difference between cells and tissues, and the numbers of probes in different versions of the gene chip database are also different. One limitation of the present study is that no normal breast cancer cell lines were included as controls, but we previously elucidated the transcriptome differences between two typical cell lines of breast cancer. Some miRNAs and lncRNAs with significantly differential expression between MCF-7 and MDA-MB-231 cells are less well studied; thus, the present study may provide the basis for further research on breast cancer metastasis and drug resistance.
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